A new menthol cultivar of Mentha × piperita L. bred in East Slovakia was evaluated for the biological activity of its essential oils (EOs). The content and composition of the EO components changed during plant development and the different effects of samples collected each month (April -September) within the growing season were noted. EOs are considered to be an important source of potential allelochemicals. Changes in EO composition influenced phytotoxic activity. Stimulation and inhibition of seed germination and root elongation occurred with different EO concentrations. The four tested bacterial strains presented different resistance to the samples collected in different growing periods.
The essential oil of peppermint (Mentha × piperita L., Lamiaceae), in which menthol is the principal and characteristic monoterpene constituent, is produced and accumulated specifically in the peltate glandular trichomes of the aerial parts [1] . The pathway for menthol biosynthesis and other monoterpenes and sesquiterpenes is known [2] . However, much less information is available about the changes in content and composition of the EO and its influence on bioactivity. Many authors evaluated the EO composition of peppermint at harvest time (the stage before flowering or in full bloom), which is important for quality and yield [3, 4] . It is generally known that the qualitative and quantitative properties of an EO depend on genetic and exogenous factors [5] . The effects of seasonal variations on the chemical and biological characteristics of some essential oils of the family Lamiaceae have been reported [6] . A research team from Pakistan studied the seasonal variability in content and chemical composition of four Mentha species [3] , but comparison was made between only two harvest periods (summer and winter). The main differences in peppermint oil components within three growing periods (samples collected in three different years) have also been reported [7] .
Our interest focused on screening for biological activity, which is dependent on the variation of the chemical composition of the EO. In general, plant material collected at different times of the year will contain different compounds with different bioactivities [8] . Therefore, the antibacterial and phytotoxic activities were evaluated.
The content of EO was measured after its extraction by hydrodistillation. The lowest amount (0.12%) (v/w, fresh weight) was recorded in samples harvested in May. There was a 0.01% decrease in comparison with the sample collected in April; it is possible that this difference would not be statistically significant. Thereafter, essential oil increased regularly from 0.14 to 0.46% in the samples harvested from June to September 2011 (Table 1 ). The [7] . Except for August samples, a decrease in monoterpene hydrocarbons was registered from the early development stage in April (9.4%) to the mature stage in September (4.6%). Oxygenated monoterpenes culminated during summer months (82.6-91.6%). Sesquiterpene hydrocarbons increased from 4.4 to 8.9% in May, and a decrease from 5.9 to 3.1% was noted from June to September. Phenolic compounds were present in trace amounts in all collected samples ( Table 2) . A similar composition was reported by Schimdt and coworkers [16] .
A significant stimulation effect on radish germination was noted at EO concentrations of 0.125 µg/mL (p<0.01) and 0.062 µg/mL (p<0.05) from September samples ( Table 3 ). The average number of germinated seeds in the control was 2.3±1.5, while with the two mentioned concentrations it was 7.3±1.5 and 5.7±1.5, respectively. Evaluation of seed germination of garden cress did not show any effect, neither inhibition nor activation. An influence on radical elongation of both seeds was noted. An inhibitory effect of the EO from June and July on radish was significant when applied at doses of 1.25 µg/mL and 2.50 µg/mL, and in garden cress seeds by the June EO at a dose of 0.125 µg/mL (Table 4) .
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A stimulation effect on root elongation was also noted in other cases. Generally, the roots of radish were less sensitive to essential oil influence. The evaluation of the phytotoxicity of peppermint oil on two model organisms Raphanus sativus L. and Lepidium sativum L. described in this paper is the first of this kind of study. Although the phytotoxic activity of some Lamiaceae species has been tested [17] [18] [19] [20] [21] , Mentha taxa do not appear to have been so investigated.
The difference in biological activity of the oils could be attributed to their different chemical composition [22] . Among the Lamiaceae, many species release phytotoxic monoterpenes (in particular oxygenated monoterpenes), among which β-pinene, limonene, pcymene, 1,8-cineole hinder the development of herbaceous species [23] . The essential oil of the evaluated new peppermint cultivar contained high amount of oxygenated monoterpenes (82.6-91.6%) and a very low amount of sesquiterpenes. This could be the reason for the different phytotoxic effect of the oil. In fact, the effects of an essential oil on seed germination and seedling growth is often explained in terms of the individual effects of some main constituents. However, an essential oil is a mixture of many compounds in different proportions, and it is often not known whether and how they might interact synergistically. In addition, there is considerable variability in the composition of the essential oil of a certain plant species; this variability may be seasonal [24] or infraspecific, between different populations of the same species [25] , or even between individuals of the same population [26] . Given this variability, the overall effect of the essential oil of an aromatic plant cannot be predicted, unless we know both its exact composition and the type of interactions among its constituents [17] .
The antimicrobial activity of the EO from the new mint cultivar was tested on 4 bacterial strains (Table 5) . EO from June and August Table 3 : Effect of increasing doses of the essential oil (EO) isolated from the aerial parts of six peppermint samples on seed germination of two test seeds, 120 h after sowing.
a) Values are means ± standard deviations (n=3); significant differences compared with control: p<0.05 (*), p<0.01 (**). Antibacterial and phytotoxic activities Mentha × piperita essential oil Natural Product Communications Vol. 11 (11) 2016 1723 samples were the most active against the studied microorganisms. S. aureus was the most susceptible strain to all oils. On the contrary, P. aeruginosa was the most resistant. The resulting IZD [inhibition zone diameter (mm)] of the samples were either higher or equal to the IZD of the blank.
Peppermint oil and its components menthol and menthone have been tested against 21 human and plant pathogens; moderate inhibitory activity was found against the human pathogens [27] . In the bioassays [28] , mint EO belongs to the group with the strongest antimicrobial properties. Peppermint essential oil inhibited the growth of Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus subtilis, Enterococcus faecalis and Escherichia coli, but not that of Bacillus cereus [15] . The different concentrations of components responsible for the antimicrobial activity in each extract were probably responsible for the different ability of these extracts to inhibit the growth of the tested microorganisms. Peppermint oil has also been shown to be an effective antimicrobial and pest control agent in food crops and foodstuffs [29] .
Generally, menthol has been reported to be responsible for the antimicrobial activity of Mentha×piperita [27] . However, to the best of our knowledge, there are no earlier reports regarding the detailed variation in biomass population, chemical composition and evaluation of antioxidant, anti-germination or antimicrobial principles of essential oils of Mentha × piperita growing in East Slovakia, especially of the newly bred menthol cultivar. Differences in chemical composition and contents of the essential oil of the newly bred cultivar are reported, with variations between the different growing periods. The amount of essential oil increased from the beginning to the end of the growing season, which was also associated with the component changes. Our investigation included a study of the possible phytotoxic effects of the new cultivar that is generally rich in active principles, which are considered to be an important source of potential allelochemicals. The stimulatory effect on seed germination and root elongation is probably connected to the high amount of oxygenated monoterpenes. The most active EO against bacterial pathogens was produced in the middle of the growing season. The study of the compounds and their biological activity is important for the different uses of the oil in the food and pharmaceutical industries. 
Experimental

Drying of samples:
The fresh plant material was dried in an oven for 36-48 h at 30°C until constant dry weight.
Isolation of the essential oil:
Fifty g of each sample of peppermint was ground in a blender, added to a 1 L flask, and then subjected to hydrodistillation in a Clevenger-type apparatus for 2 h. The oils were solubilized in n-hexane and stored under N 2 at +4°C in the dark until analyzed. The plant materials gave pale yellow oils.
GC/MS analyses and components identification:
GC/MS analyses and component identifications are described in [7] .
Phytotoxic activity: A bioassay based on germination and subsequent radical elongation was used to study the phytotoxic effects of the essential oils of peppermint on seeds of Raphanus sativus L. (radish), and Lepidium sativum L. (garden cress). The used method was according Mancini et al. [20] . Raphanus sativus L. var. radicula Pers. (cv. 'Duo') and Lepidium sativum L. (cv. 'Dánska') seeds were purchased from Zel Seed (Slovakia).
Antimicrobial activity: Staphylococus aureus (SA) CCM 4223, Escherichia coli (EC) CCM 5172T, Pseudomonas aeruginosa (PA)
CCM3889, and Bacillus cereus (BC) CCM2010, were obtained from the Czech collection of microorganisms, Brno. The bioassay was processed according to [30] . The antimicrobial activity was calculated by applying the expression % RIZD -the percentage of relative inhibition zone diameter.
